
(12) United States Patent 
Zhao et al. 

USOO6332069B1 

US 6,332,069 B1 
Dec. 18, 2001 

(10) Patent No.: 
(45) Date of Patent: 

(54) APPARATUS AND METHOD FOR 
GROUPNG CARRIERS TO MINIMIZE THE 
OCCURRENCE OF CALL, BLOCKING IN A 
SATELLITE-BASED COMMUNICATIONS 
NETWORK 

(75) Inventors: Wei Zhao, Germantown; Steven 
Arnold, Ijamsville, both of MD (US); 
Anthony Noerpel, Lovettsville, VA 
(US); Dave Roos, Boyds, MD (US) 

(73) Assignee: Hughes Electronics Corporation, El 
Segundo, CA (US) 

(*) Notice: Subject to any disclaimer, the term of this 
patent is extended or adjusted under 35 
U.S.C. 154(b) by 0 days. 

(21) Appl. No.: 09/244,970 
(22) Filed: Feb. 10, 1999 

(51) Int. Cl." ................................................. H04B 7/185 

(52) U.S. Cl. .......................... 455/12.1; 455/427; 455/429 

(58) Field of Search .................................. 455/12.1, 13.2, 
455/63, 427, 429, 13.1, 430, 422, 446; 

342/354, 154,356 

(56) References Cited 

U.S. PATENT DOCUMENTS 

4,256,925 3/1981 Goode .................................. 370/322 
5,245,634 9/1993 Averbuch ... ... 375/357 
5,307399 4/1994 Dai et al. ....... ... 455/459 
5,415,368 5/1995 Horstein et al. .................... 455/12.1 

(List continued on next page.) 
FOREIGN PATENT DOCUMENTS 

0046831 3/1982 (EP). 
0162478 11/1985 (EP). 
0748064 12/1985 (EP). 
0475698 3/1992 (EP). 

(List continued on next page.) 

SPSOE 

ISER SECENT us to 

-------------------------------------4----------------- 

{OPERATIONS SATELETE CAEAY 
CENTER CBERATIONS STATION 

OTHER PUBLICATIONS 

Fingerle et al., “GSM Signalisierung in der Praxis, ITG 
Fachbericht, pp. 423-432, No. 124, Sep. 1993. 
Garget al., “Cost Effective Personal Communications. Using 
Geo-Synchronous Satellite”, 1996 IEEE International Con 
ference on Personal Wireless Communications Proceedings 
and Exhibition-Future Access (Cat. No. 96TH8165), 1996. 

(List continued on next page.) 
Primary Examiner Dwayne Bost 
Assistant Examiner Sonny Trinh 
(74) Attorney, Agent, or Firm-John T. Whelan; Michael 
W. Sales 

(57) ABSTRACT 

An apparatus and method, for use in a Satellite-based com 
munications network, for minimizing blocking of commu 
nication between the network and access terminals resulting 
from differences in the Signal propagation delays for the 
access terminals due to their different locations within a 
coverage area Serviced by a spot beam generated by a 
Satellite in the network. The apparatus includes a spot beam 
Segregator which Segregates a coverage area of the Spot 
beam into at least one coverage Zone based on the maximum 
and minimum propagation delay experienced by access 
terminals within the coverage area of the Spot beam. The 
apparatus further includes a carrier grouper which groups 
the carrier into a number of groups corresponding to the 
number of offset Zones, and assigns each carrier group to a 
respective one of the coverage Zones. The number of carriers 
assigned to each carrier group is proportional to the esti 
mated number of access terminals located in the respective 
coverage Zone to which the carrier group is assigned. The 
apparatus assigns a respective burst offset to each respective 
coverage Zone So that Signals being transmitted by the 
Satellite and access terminals within the coverage Zone are 
transmitted in accordance with the same burst offset. 
Accordingly, burst Signals are arranged efficiently in the 
TDMA time frames being transmitted over the carriers 
between the Satellite and access terminals, which therefore 
minimizes call blocking. 

28 Claims, 5 Drawing Sheets 
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APPARATUS AND METHOD FOR 
GROUPNG CARRIERS TO MINIMIZE THE 
OCCURRENCE OF CALL, BLOCKING IN A 
SATELLITE-BASED COMMUNICATIONS 

NETWORK 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

Related Subject matter is disclosed in a copending U.S. 
patent application of Chandra Joshi, Anthony Noerpel, 
Neeraj Tewari, Gerald Stelzer, David Roos and Chi-Jiun Su 
entitled “System and Method for Implementing Terminal to 
Terminal Connections via a Geosynchronous Earth Orbit 
Satellite', Serial No. 09/115,098, filed on Jul. 13, 1998, the 
entire contents of which is expressly incorporated herein by 
reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to an apparatus and method, 
for use in a Satellite-based communications network, for 
minimizing blocking of communication between the net 
work and access terminals resulting from differences in the 
Signal propagation delays for the acceSS terminals due to 
their different locations within a coverage area Serviced by 
a spot beam generated by a Satellite in the network. More 
particularly, the present invention relates to an apparatus and 
method for minimizing Such communication blocking by 
Segregating the coverage area of the Spot beam into at least 
one coverage Zone, Segregating the communication carriers 
available for the Spot beam into a number of carrier groups 
corresponding to the number of coverage Zones, and assign 
ing to each carrier group a specific burst offset time period 
in accordance with which communication bursts are trans 
mitted over carriers in the carrier group between the network 
and acceSS terminals located within the coverage Zone 
Serviced by the carrier group. 

2. Description of the Related Art 
A Satellite communications network, Such as a geosyn 

chronous earth orbit mobile communications network, com 
prises at least one geosynchronous earth orbit Satellite, a 
ground-based advanced operations center (AOC) and space 
craft operations center (SOC) associated with the satellite, at 
least one ground-based gateway station (GS), and at least 
one access terminal (AT), which is typically a hand-held or 
vehicle mounted mobile telephone. The satellite enables the 
access terminal to communicate with other access terminals, 
or with other telephones in the terrestrial public Switched 
telephone network (PSTN), via the gateway stations under 
the control of the gateway stations. The AOC provides 
System-wide resource management and control functions for 
its respective satellite, and the SOC controls on-orbit satel 
lite operations for its respective Satellite. 

To communicate with access terminals, the network con 
trols a Satellite to generate at least one spot beam, which is 
typically an L-band frequency Signal, toward the Surface of 
the earth. Each spot beam covers a predetermined geo 
graphic region of the earth, thus enabling access terminals 
within that region to communicate with the network via 
communications Signals transmitted to the Satellite over a 
carrier Selected from a plurality of carriers assigned to the 
Spot beam. 

For example, when an access terminal places a call to 
another acceSS terminal or to a terrestrial telephone, the 
access terminal generates and transmits a channel request 
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2 
message on a random access channel (RACH) at a frequency 
assigned to the Spot beam to the Satellite. Typically, a 
channel request message includes data representing a ran 
dom number, which is used as an identifier for the access 
terminal Sending the channel request message, as well as 
contention resolution and timing Synchronization informa 
tion. 
The satellite includes a receiver which, under the control 

of the network, establishes time frames of a particular 
duration during which channel request messages are 
received. When a channel request message is received by the 
Satellite during a particular time frame, and is thus received 
by the network, the network transmits data via the satellite 
to the access terminal to establish a communication link 
between the access terminal and network. The data includes 
access channel information (access grant channel 
information) indicating the frequencies of the carriers over 
which communication between the network and the acceSS 
terminal is to occur during the call. Typically, a carrier of a 
particular frequency is assigned to Service transmission of 
communications from the Satellite to the acceSS terminal, 
and a carrier of another frequency is assigned to Service 
transmission of communications from the access terminal to 
the Satellite. Hence, a pair of carriers Service communication 
between the Satellite and an acceSS terminal. 

Communication between the network and access terminal 
occurs in the form of Signal bursts of a predetermined 
duration which are transmitted over the carrier pair desig 
nated by the acceSS grant channel information between the 
access terminal and Satellite. Signal bursts transmitted from 
the Satellite to the access terminal, along with Signal bursts 
being transmitted to other access terminals, if any, also 
assigned to a carrier in the carrier pair, are transmitted over 
the carrier in a time-division multiple access (TDMA) 
manner. That is, each Signal burst being transmitted from the 
Satellite to the access terminal is time-multiplexed with the 
Signal bursts being transmitted by the Satellite to the other 
access terminals in a TDMA frame of a particular duration, 
and transmitted over the carrier. 
ATDMA frame includes a plurality of timeslots, which 

become occupied by the time-multiplexed signal bursts 
being transmitted. For example, a TDMA frame can include 
24 timeslots, and each Signal burst can be 3 timeslots long. 
Accordingly, a 24 timeslot TDMA frame can contain up to 
eight signal bursts which are being transmitted to eight 
respective access terminals (i.e., 8 signal bursts of 3 
timeslots each), with each burst occupying three specific 
sequential timeslots of the TDMA frame. Naturally, a 24 
timeslot TDMA frame can accommodate only four signal 
bursts which are each 6 timeslots in length, with each Signal 
burst occupying six specific Sequential timeslots of the 
TDMA frame. 
Upon receiving its appropriate Signal burst transmitted 

from the Satellite, each access terminal transmits a signal 
burst back to the satellite in a TDMA frame over the other 
carrier in the carrier pair. An access terminal begins trans 
mitting its respective signal burst at an appropriate instant in 
time after the instant in time at which the access terminal 
began receiving its respective Signal burst transmitted from 
the Satellite as described above. Because the transmitter/ 
receiver of an acceSS terminal is a typically a half-diplexer 
which permits only signal transmission or Signal reception at 
any given time, the time period in which the acceSS terminal 
transmits a signal burst can not overlap the time period in 
which the access terminal is receiving a Signal burst. 

Specifically, each acceSS terminal begins transmitting its 
respective signal burst at an appropriate time after receiving 
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a signal burst, which will properly position the Signal burst 
in the TDMA frame so as not to overlap any other signal 
burst being transmitted by another access terminal, and So 
that the signal burst will be received at the satellite at the 
appropriate receive time. An access terminal determines 
when transmission of the Signal burst should begin based on 
the amount of burst offset required at the satellite, which is 
the desired duration of time which should elapse from the 
Start of transmission by the Satellite of a Signal burst to the 
access terminal and the Subsequent start of receipt by the 
Satellite of a signal burst transmitted from that acceSS 
terminal. The access terminal also takes into account an 
estimated time which will elapse between the instant when 
a signal burst is transmitted by the access terminal and the 
instant when that Signal burst is received by the Satellite, 
which is known as the propagation delay. 
An access terminal estimates the propagation delay for a 

distance measured from its location on the earth's Surface to 
the satellite, which is orbiting at about 22,000 miles above 
the earth's Surface. Because the distance from the Surface of 
the earth at the equator to the Satellite is less than the 
distance from the Surface of the earth in the extreme northern 
and Southern hemispheres to the Satellite, the propagation 
delay for a Signal burst Sent from an access terminal close to 
the equator is less than that for a signal burst Sent from an 
access terminal in, for example, northern Europe. An acceSS 
terminal can include global positioning System (GPS) 
equipment, or any other Suitable device, which enables it to 
determine its location on the earth's Surface, and thus 
estimate its propagation delay based on an estimated dis 
tance between the location of the acceSS terminal and the 
Satellite. 

If the propagation delays for all access terminals being 
Serviced by a particular spot beam were equal, each acceSS 
terminal would be able Set its signal burst transmitting time 
based on the burst offset for the satellite to assure that the 
transmitted Signal burst would be positioned properly in a 
TDMA frame and reach the satellite during the appropriate 
time period. However, because the access terminals are 
typically at different locations within the Spot beam and 
accordingly, their distances to the Satellite differ, they expe 
rience different propagation delayS. 

Therefore, although an access terminal at one edge of the 
Spot beam may be able to base its signal burst transmission 
timing on the Satellite burst offset and experience proper 
Signal burst transmission, an access terminal at the opposite 
edge of the Spot beam may need to base its signal burst 
transmission timing on a different burst offset value to 
compensate for the different propagation delay time. In this 
event, the network may need to control the Satellite to Set 
different burst offsets for communication with the access 
terminals having different propagation delayS. Also, move 
ment of an access terminal within the Spot beam during 
communication can alter the propagation delay for that 
access terminal by an amount large enough to require a 
corresponding change in burst offset for communication 
with that access terminal. 
AS stated above, the use of different burst offsets for 

communication with access terminals at different locations 
within the Spot beam generally will be Sufficient to assure 
that the signal bursts transmitted from the satellite to the 
access terminals will reach the access terminals during the 
appropriate receiving times and Vice-versa. However, if the 
access terminals base their respective Signal burst transmis 
Sion timing on different burst offsets, the Signal bursts 
transmitted may not be properly positioned within the 
TDMA frame to utilize the TDMA frame most efficiently. 
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4 
That is, the transmitted signal bursts may be distributed in 

the timeslots of the TDMA time frame Such that unused time 
Slots are present between adjacent transmitted Signal bursts. 
In this event, the TDMA time frame is unable to accommo 
date the maximum amount of time bursts (e.g., eight 
3-timeslot long bursts). Accordingly, a transmitted signal 
burst from one or more access terminals, which would 
normally be capable of fitting in the TDMA time frame if the 
transmission bursts were arranged efficiently, is unable to be 
transmitted in the IDMA time frame over the carrier. This 
phenomenon is known as “call blocking”, in which an acceSS 
terminal is prevented from transmitting a signal burst in a 
TDMA time frame over a particular selected carrier, and thus 
must use a different carrier for transmission. AS can be 
appreciated, the call blocking phenomenon reduces the 
amount of acceSS terminals that can utilize a particular 
carrier for communication with the network. Furthermore, 
because a Spot beam is assigned with a finite number of 
carriers, the Overall amount of access terminals that can be 
Serviced by that spot beam is consequentially reduced. 

Accordingly, a need exists for a System which minimizes 
the occurrence of call blocking in a Satellite-based commu 
nications network by providing efficient multiplexing of 
signal bursts in the TDMA time frames being transmitted 
between a Satellite and access terminals over carriers 
assigned to the Satellite-generated Spot beam Servicing the 
access terminals. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide an 
apparatus and method, for use in a Satellite-based commu 
nications network, for minimizing call blocking in the 
network by efficiently multiplexing signal bursts in their 
respective TDMA time frames being transmitted between a 
Satellite and acceSS terminals over carrierS Servicing the 
access terminals. 

Another object of the present invention is to provide an 
apparatus and method, for use in a Satellite-based commu 
nications System, for minimizing call blocking in the net 
work by grouping the carriers available to a spot beam into 
an appropriate number of groups which each Service a 
particular Zone of coverage of the Spot beam, So that Signal 
burst can be transmitted more efficiently over the carriers 
between the Satellite and access terminals. 
A further object of the invention is to provide an apparatus 

and method, for use with a Satellite-based communications 
network, for minimizing call blocking in the network by 
enabling bursts to be transmitted from multiple access 
terminals located within a certain portion of the Spot-beam 
coverage area in accordance with the same burst offset 
defined at the satellite to result in a more efficient distribu 
tion of the bursts within a TDMA time frame which is 
transmitted over a carrier to the Satellite. 

These and other objects of the present invention are 
Substantially achieved by providing an apparatus and 
method, for use in a Satellite-based communication network, 
for grouping a plurality of carriers assigned to a spot beam 
generated by a Satellite in the network into a number of 
groups, each of which Servicing acceSS terminals located in 
particular coverage Zones of the Spot beam. The apparatus 
comprises a spot beam Segregator which Segregates a cov 
erage area of the Spot beam into at least one coverage Zone, 
and a carrier grouper which groups the carrier into a number 
of groups corresponding to the number of offset Zones, and 
assigns each of the carrier groups to a respective one of the 
coverage Zones. The Spot beam is Segregated based on the 
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maximum and minimum propagation delay experienced by 
access terminals within the coverage area of the Spot beam. 
The number of carriers assigned to each carrier group is 

proportional to the estimated number of access terminals 
located in the respective coverage Zone to which the carrier 
group is assigned. The apparatus further includes a burst 
offset assignor which assigns a respective burst offset to each 
respective coverage Zone So that Signals being transmitted 
by the Satellite and access terminals within the coverage 
Zone are transmitted in accordance with the same burst 
offset. Accordingly, burst signals are arranged efficiently in 
the TDMA time frames being transmitted over the carriers 
between the Satellite and access terminals, which therefore 
minimizes call blocking. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other objects, advantages and novel features of 
the invention will be more readily appreciated from the 
following detailed description when read in conjunction 
with the accompanying drawings, in which: 

FIG. 1 is a Schematic block diagram of a Satellite com 
munications network according to an embodiment of the 
present invention; 

FIG. 2 is a Schematic diagram illustrating a Satellite in the 
Satellite communications network shown in FIG. 1, project 
ing a plurality of Spot beams onto different regions on the 
Surface of the earth; 

FIG. 3 is a timing diagram illustrating an example of the 
relationship between a signal burst being transmitted in a 
TDMA frame from a satellite to an access terminal over a 
carrier and a signal burst being transmitted in another 
TDMA frame from the access terminal to the Satellite over 
another carrier, 

FIG. 4 illustrates an example of a TDMA frame including 
a plurality of time-multiplexed signal bursts transmitted 
from a satellite in the network shown in FIG. 1 over a carrier 
to a plurality of access terminals in relation to a TDMA 
frame including a plurality of time-multiplexed signal bursts 
transmitted over another carrier in accordance with different 
burst offsets from the plurality of access terminals to the 
Satellite, 

FIG. 5 is a diagram illustrating an example of a Spot beam 
generated by a satellite in the network shown in FIG. 1, 
which is being Segregated into a plurality of offset Zones in 
accordance with an embodiment of the apparatus and 
method of the present invention; 

FIG. 6 illustrates an example of a TDMA frame including 
a plurality of time-multiplexed signal bursts transmitted 
from a satellite in the network shown in FIG. 1 over a carrier 
to a plurality of access terminals in relation to a TDMA 
frame including a plurality of time-multiplexed signal bursts 
transmitted over another carrier in accordance with the same 
burst offset from the plurality of access terminals to the 
Satellite, 

FIG. 7 illustrates an example of the burst offsets assigned 
to each group of carriers associated with the respective offset 
Zones illustrated in FIG. 5 in accordance with an embodi 
ment of the present invention; 

FIG. 8 is a graph illustrating the percentage of call 
blocking probability in relation to call traffic for a spot beam 
having 9 available carriers in which carrier grouping accord 
ing to an embodiment of the present invention has been 
performed versus the percentage of call blocking probability 
in relation to call traffic for the identical spot beam in which 
no carrier grouping has been performed; and 
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FIG. 9 is a graph illustrating the percentage of call 

blocking probability in relation to call traffic for a spot beam 
having 60 available carriers in which carrier grouping 
according to an embodiment of the present invention has 
been performed versus the percentage of call blocking 
probability in relation to call traffic for the identical spot 
beam in which no carrier grouping has been performed. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

FIG. 1 illustrates an example of Satellite communications 
network 100 according to an embodiment of the present 
invention. The Satellite communications network includes at 
least one Satellite 102 which is, for example, a geosynchro 
nous earth orbit Satellite, and at least one primary gateway 
station site 104. The primary gateway station site 104 
comprises an advanced operations center (AOC) 106, a 
central operations support system (OSS) 108, a satellite 
operation center (SOC) 110, and a gateway station 112, 
which provides access to a public Switched telephone net 
work (PSTN) 114. The PSTN 114 provides access to the 
public land mobile network (PLMN) and public switched 
data network (PSDN) 118. Optionally, the gateway station 
112 can include a local operations Support System (LOSS) 
120. 

The network 100 also includes a national gateway 122 
comprising a gateway Station 124 which optionally includes 
a local OSS 126. The national gateway 122 provides access 
to a PSTN 128, which provides access to a PLMN 130 and 
a PSDN 132. Further details of the primary gateway station 
site 104 and national gateway station site 122 and their 
respective components and operations are Set forth in 
copending U.S. patent application Ser. No. 09/115,098, 
referenced above. 
The satellite communications network 100 further 

includes at least one acceSS terminal 134, Such as a hand 
held telephone or vehicle-mounted telephone, which can 
operate in the Geosynchronous earth orbit Satellite commu 
nications network 100 discussed above, as well as in a GSM 
cellular telephone network. As shown in FIG. 2, the satellite 
102 generates at least one spot beam 136 onto a pre 
determined geographic location of the Surface of the earth. 
In this example, the Satellite 102 generates a plurality of Spot 
beams 136 onto different respective geographic locations on 
the earth's Surface. An access terminal 134 communicates 
with the Satellite over, for example, an L-band frequency 
designated by a particular spot beam 136 covering an area of 
the earth at which the access terminal 134 is located. The 
primary gateway Station 102 and national gateway Station 
site 122 each communicate with the satellite 102 over, for 
example, a Ku-band frequency identified as feeder 137 in 
FIG. 1. Communications can be originated by an access 
terminal 134. Alternatively, a call can originate from a 
telephone serviced by, for example, a PSIN, or from a 
telephone serviced by a GSM cellular network. Details of 
the communication and control operations performed by the 
primary gateway Station site 104 and national gateway 
station site 122 in relation to the satellite 102 and access 
terminal 134 to establish communication between two 
access terminals 134, or between an access terminal 134 and 
a terrestrial terminal such as a telephone serviced by a PSTN 
114 or 128, are disclosed in U.S. patent application Ser. No. 
09/115,098. 
AS discussed in the background Section above, commu 

nication occurs between the network 100 and the access 
terminals 134 in the form of signal bursts which are trans 
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mitted in TDMA frames over carriers assigned to the spot 
beam 136 in which the access terminals 134 are located. 
FIG. 3 is a timing diagram illustrating an example of the 
relationship between a signal burst 138 being transmitted in 
a frame 140 from a satellite 102 to an access terminal 134 
(see FIG. 1) over a carrier represented by S-Tx at the satellite 
(which is represented as ATRX at the access terminal), and 
a signal burst 142 being transmitted in another frame 144 
from the access terminal 134 to the satellite 102 over another 
carrier represented by AT-Tx at the access terminal 134 
(which is represented by S-RX at the satellite 102). 

In this example, the Signal bursts are each 3-timeslots in 
duration, and each frame is 24-timeslots in duration. 
However, as discussed above, the Signal bursts can have 
other durations, Such as 6-timeframes, 9-timeframes, and So 
on, and the frames can have different durations as well. 
Additionally, FIG. 3 shows the time at which signal burst 
138 in frame 140 is transmitted by the satellite 102 in 
relation to another signal burst 146 in frame 148 Subse 
quently transmitted by the satellite 102. Also, the time at 
which signal burst 142 in frame 144 is received by the 
satellite 102 is shown in relation to another signal burst 150 
in frame 152 which was previously received at the satellite 
102. However, for clarity, the frames between frames 140 
and 148, and the frames between frames 152 and 144, at the 
satellite (i.e., shown on carriers S-Tx and S-RX) have been 
omitted. 

AS indicated, t, represents the propagation delay, in 
milliseconds, for frame 140 to travel from the satellite 102 
to that particular access terminal 134 in accordance with the 
access terminal's location within the coverage area of the 
spot beam 136. The same propagation delay t also occurs 
for frame 144 to travel from the access terminal 134 to the 
satellite 102. As described in more detail below, k and k, 
represent the mobile downlink and uplink burst positions, 
respectively, of the signal bursts 138 and 150 in their 
respective frames 140 and 152. The downlink burst position 
k is generally the same for all Signal bursts being trans 
mitted by satellite 102 to that particular access terminal 134. 
Similarly, the uplink burst position k, is generally the same 
for all signal bursts being received by the satellite 102 from 
that particular access terminal 134. 
AS also described in more detail below, t and t, 

represent Start time and Stop time, respectively, of receipt of 
a signal burst (e.g., Signal burst 138) by the access terminal 
134. Similarly, t and to represent Start time and Stop 
time, respectively, of transmission of a signal burst (e.g., 
signal burst 142) by the access terminal 134. The term At 
represents the receiving/transmitting burst offset at the Sat 
ellite 102 in units of milliseconds, At represents the 
receiving/transmitting burst offset measured in timeslots of 
a frame, and T represents the timeslot duration in millisec 
onds. 

For illustrative purposes, FIG. 3 shows frame 140 as 
including only one signal burst 138. However, as discussed 
in the background Section above, a plurality of acceSS 
terminals 10 (e.g., up to 8 access terminals) can be assigned 
to communicate with the satellite 102 over the same carriers 
(e.g., the carriers represented as S-Tx and S-RX at the 
satellite 102). In this event, signal burst 138 being transmit 
ted from the satellite 102 to the access terminal 134, is 
time-multiplexed with the other Signal bursts being trans 
mitted to other access terminals in frame 140. 

For example, as shown in FIG. 4, signal burst 138 being 
transmitted to access terminal 134, along with Signal bursts 
154 and 156 being transmitted to two other respective access 
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terminals (not shown), are distributed in frame 157 in a 
time-division multiple access (TDMA) manner and trans 
mitted over carrier S-TX. Upon receiving its appropriate 
signal burst transmitted from the satellite 102, each of the 
three acceSS terminals transmits a Signal burst back to the 
satellite 102 over carrier S-RX. As discussed in the back 
ground Section above, the signal bursts (i.e., signal bursts 
142, 158 and 160 shown in FIG. 4) are received in a TDMA 
manner in a frame (i.e., frame 161) at the satellite 102. Each 
access terminal begins transmitting its respective signal 
burst at an appropriate time which will properly position the 
signal burst in the TDMA frame so as not to collide with any 
other Signal burst being transmitted by another access 
terminal, and So that the Signal burst will be received at the 
Satellite at the appropriate receive time. 
AS further discussed in the background Section, because 

the access terminals are typically at different locations 
within the Spot beam, their respective transmitted Signal 
bursts experience different propagation delayS. Accordingly, 
to meet access terminal reception and transmission guard 
time requirements, different burst offsets can be assigned to 
each access terminal to compensate for the differences in 
propagation delayS. However, as shown in FIG. 4, this can 
result in the signal bursts received at the Satellite (i.e., which 
have been transmitted by the user terminals) being distrib 
uted in the TDMA time frame 144 with unused time slots 
between adjacent received signal bursts (e.g., unused 
timeslot 162 between signal bursts 158 and 160). In this 
event, the TDMA time frame is unable to accommodate the 
maximum amount of time bursts (e.g., eight 3-timeslot long 
bursts), and call blocking can occur. 

In order to eliminate or at least minimize the occurrence 
of call blocking, the apparatus and method according to an 
embodiment of the present invention Segregates a coverage 
area of the spot beam 136 into at least one offset Zone, 
assigns a specific burst offset to each offset Zone, and groups 
the carriers assigned to the Spot beam into a number of 
groups corresponding to the number of offset Zones, So that 
each carrier group can Service the acceSS terminals within its 
respective offset Zone. The timing at which Signal burst are 
transmitted between satellite 102 and access terminals 
within any offset Zone will be set in accordance with the 
particular offset assigned to the Zone. In the example shown 
in FIG. 5, the coverage area 164 of a spot beam 136 is 
Segregated into Seven offset Zones Zone 1 through Zone 7, 
as indicated, which are each assigned a particular burst 
offset. The total number of carriers in the carrier resource 
pool available to the spot beam 136 are then allocated into 
Seven carrier groups (i.e., group-1 through group-7) corre 
sponding to Zone 1 through Zone 7, respectively. It is noted 
that neighboring offset Zones overlap each other by a certain 
amount to avoid an abrupt change in the offset due to the 
relative motion between the satellite 102 and the access 
terminal 134 (e.g., if the access terminal 134 is moving). 
The process of Segregating the coverage area 164 and 

allocating the carriers accordingly is carried out by a com 
puter in a traffic control Subsystem (TCS) in the gateway 
Station assigned to the access terminal 134 placing the call. 
For example, if an access terminal 134 is at a location 
assigned to the primary gateway Station Site 104, the pro 
cessing is performed by a computer in the TCS in gateway 
station 112. However, if an access terminal 134 is at a 
location assigned to national gateway Station Site 122, the 
processing is performed by a computer in the TCS in 
gateway Station 124. 
AS will now be exemplified, the Segregating and carrier 

grouping is accomplished in accordance with the equations 
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Set forth below. In this example, it is assumed that the acceSS 
terminal 134 is at a location assigned to the primary gateway 
Station site 104 and thus, processing is performed by a 
computer in the TCS in gateway station 112. 

Referring to FIG.3, the duration of any frame (e.g., frame 
140) is T, in milliseconds, and each frame has N. timeslots, 
with N=T/T. Each signal burst (e.g., signal burst 138) lasts 
for a duration of K timeslots. Accordingly, a Signal burst 
length is represented by T=KT in milliseconds. 

In addition, as discussed above, k and k, represent the 
mobile downlink and uplink burst positions, respectively, 
which range from 0 to N-1 in a frame. Also, t, and t, 
represent Start time and Stop time, respectively, of receipt of 
signal burst 138 by the access terminal 134. Similarly, t 
and t, represent start time and stop time, respectively, of 
transmission of signal burst 142 by the access terminal 134. 
The term At represents the receiving/transmitting burst 
offset at the satellite 102, and At represents the receiving/ 
transmitting burst offset measured in timeslots of a frame. AS 
also mentioned in the background Section above, a time 
period in which a Signal burst is transmitted by an acceSS 
terminal 134 can not overlap a time period in which a signal 
burst is received by that access terminal 134. Furthermore, 
a guard time of T (in milliseconds) must be present with the 
Signal bursts to permit the access terminal 134 to Switch 
between transmitting and receiving modes. 

Before being able to determine the number of offset Zones 
into which the coverage area 164 should be divided, the 
processing being performed determines the maximum 
round-trip delay variation R that will be permitted for each 
offset Zone. The maximum round-trip delay variation means 
the maximum permissible difference in round-trip delay 
time between the access terminal in the offset Zone having 
the Smallest round-trip propagation delay time and the 
access terminal in the offset Zone having the largest round 
trip propagation delay time or, in other words, the maximum 
difference in round-trip propagation delay which would be 
experienced by access terminals at opposite ends of the 
offset Zone. 

In accordance with the present invention, the processing 
determines the maximum round trip delay variation R based 
on the frame length T, the signal burst length T, and the 
guard time T. Specifically, the maximum round trip delay 
variation R is determined in milliseconds according to the 
following equation: 

As will now be described, this equation is derived in 
accordance with Such factors as the durations of the time 
frames, Signal bursts and burst offset, as well as the position 
of the Signal burst within their respective time frames, and 
the propagation delay between an access terminal (e.g., 
access terminal 134) and the satellite 102. As shown in FIG. 
3, for exemplary purposes, the position of transmission 
frame 140 at the Satellite is designated as frame n, and the 
position of receiving frame 144 at the Satellite is designated 
as frame m. In this example, the difference between n and m 
is equal to “7” (i.e., seven frames). However, the difference 
between n and m can be set at any Suitable integer value. 

For purposes of the following equations, it will be 
assumed that frame n is the Starting frame. However, the 
Starting frame number has no consequence on the final 
results of the calculations. For a given terminal position with 
propagation delay t, if the reception/transmission burst 
offset at the Satellite is At=ATT, where AT is the offset 
measured in timeslots, and T is the timeslot duration 
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10 
measured in ms, then the Start time t of the transmission 
burst at the terminal can be given by 

Therefore the propagation delay t is a function of the 
transmission time t. 

t=(m-n)Tri-kT+At-t, 

In order to meet the guard time requirements of the access 
terminal 134 which affords the access terminal 134 Sufficient 
time to Switch between the receiving and transmitting 
modes, enough guard time T, must exist on both sides the 
Signal burst (e.g., Signal burst 142) being transmitted from 
the terminal 134. ASSuming a single burst offset at the 
Satellite 102 can Support propagation delays in the range of 
It utt ), then the range of t can be given by the 
equations: 

3 3 tim rip tim1 tim prax 

tim1 mind-makdT+Tch-Ts 

tim1 made mint-TrikdTTch-Ts 

where T, and T are the traffic burst duration and guard 
time duration, both measured in ms. Furthermore, because 

ta-max=(m-n)Trik. T+Atos-tin-1 nin 

tdz n=(m-n)Tri-kgT+Atos-tim1 may 

and then in accordance with the above equations for t , 
to , these equations become: 

If it is then assumed that R is the range of the equal offset 
Zone measured in terms of the round trip delay variation, 
then 

R-2(ta-na-ta- mi)=T-2 (T+T) 

as indicated above. 
The processing performed in accordance with the present 

invention then assumes that the offset Zones will be arranged 
such that one offset Zone (e.g., Zone 4 in FIG. 5) overlaps 
location in the Spot beam coverage area 164 at which an 
access terminal experiences a propagation delay mid-way 
between the maximum and minimum propagation delays for 
the coverage area 164 (i.e., the mid-delay point). The 
processing then assumes that all other offset Zones will be 
Symmetrically placed on both sides of the middle Zone as 
shown, for example, in FIG. 2. If the range of propagation 
delay in the considered spot beam coverage area (i.e., spot 
beam coverage area 164) in milliseconds is assumed to be in 
accordance with the equation 

tata mintanal 

then the total number of required burst offsets N for that 
Spot beam coverage area 164, which is equal to the total 
number of required offset Zones, is determined as: 
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if 2(tamax - la min) is R. 1 

Nos = ld max - la min) - R. / 2 to sistsa min) - R. / R - A if 2(tamax - tdmin) > R. 

where A (in milliseconds) represents the overlap between 
two adjacent offset Zones measured in terms of round trip 
differential delay, and the operation ceil takes the next 
highest integer of the result (e.g., ceil 4.1 equals 5) Hence, 
the processing can Segregate the coverage area 164 into as 
few as a Single offset Zone, or as many offset Zones as 
necessary in number of odd integers (e.g., 3, 5, 7 and So on). 
AS discussed above, neighboring offset Zones overlap each 
other by a certain amount to avoid an abrupt change in the 
offset due to the relative motion between the satellite 102 
and the access terminal 134 (e.g., if the access terminal 134 
is moving). 

Once the processing has determined the number of offset 
Zones needed for the Spot beam coverage area 164, the 
processing determines the value of burst offset that should be 
assigned to each offset Zone. The value of burst offset 
assigned to each offset Zone is a function of the propagation 
delay which would be experienced by an acceSS terminal at 
the center of the Zone. Hence, assuming delay boundaries of 
the kth offset Zone ist (k),t (k) and t-o(k) is the 
delay at the Zone center, then 

id: min(k) + td. max(k) 

For a GEO mobile satellite system, the offset value 
AT(k) associated with the kth single offset Zone can be 
given as 

2tdo(k) - 6.5Tf 
ATs (k) = round T -- K 2 

where the operation round rounds to the nearest integer of 
the result (e.g., round 4.49 equals 4, while round 4.5 equals 
5). 

It is noted that for purposes of these equations, the value 
k=0 represents the offset Zone which overlaps the mid-delay 
point of the Spot beam coverage area 164. Accordingly, for 
the example shown in FIG. 5, Zone 4 is represented as the 
k=0 Zone, Zone 1 is the k=-3 Zone, and Zone 7 is the k=+3 
ZOC. 

The above offset Zone equation is derived based on the 
following. First, the position of each offset Zone in the Spot 
beam coverage area 164 is determined. Then, for each offset 
Zone, the offset is calculated based on the propagation delay 
in the center of that offset Zone. 

For example, assuming that to(k) is the propagation 
delay from the satellite to the center of the kth single offset 
Zone, and t (k),tt (k)) is the offset Zone delay 
boundary, then 

If the satellite burst offset corresponding to the kth offset 
Zone is At(k) in milliseconds, then in accordance with the 
equations 

set forth above, 
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2(nn-n) - 1 
Atos (k) = 2ido (k) - 2 Tf 

To achieve frame/timeslot Synchronization on the Satellite 
102, the offset At(k) must be an integer of a timeslot 
duration. Then AT(k), the burst offset in number of 
timeslots, can be represented as 

2(n - 1 T)/T. 

The operation round(x) takes the nearest integer around X. 
Also, in this example of a geo-Stationary Satellite 
constellation, m-n=7. Therefore 

as represented above. However, m-n can be any integer, 
depending on the manner in which the geo-Stationary Sat 
ellite constellation is set up. 
The processing then determines the minimum and maxi 

mum propagation delay (i.e., the propagation delay 
boundaries) for each offset Zone. Since the center of the 
middle Zone (the k=0 Zone) overlaps the mid-delay point of 
the Spot beam coverage area 164, then the following equa 
tion is used to calculate the propagation delay at the center 
of each of the k offset Zones: 

ATs (k) = round (24.00 

k k(R-A) O ido(k) = ido + 2 = -- -, ..., 0,..., +- 

where to is the propagation delay at the mid-delay point of 
the coverage area 164. The delay boundariest (k),t. 
max(k) for each k offset Zone is 

The processing also performs the carrier grouping opera 
tion to assign the carriers to Service the offset Zones. Since 
the carrier grouping operation and burst offset value deter 
mination operation are essentially independent of each other, 
either operation can be performed first, or both operations 
can be performed Simultaneously. 
AS Stated above, a number of carriers N is assigned to 

each Spot beam. The carrier grouping processing determines 
the total number of carrier groups and the total number of 
carriers in each group. The total number of carrier groups is 
equal to the number of offset Zones N or, in other words, 
each carrier group is assigned to one offset Zone. 
The total number of carriers in each group is determined 

in proportion to the number of users located in the corre 
sponding offset Zone. Hence, if P(k) is the probability that a 
given call is generated from the kth offset Zone, then the 
number of carriers n(k) within the kth carrier group is 

and 

N = X. n(k) 
k 

with 

ke-Nol. No 6 2 2 
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The value P(k) can be derived from the geographical 
distribution of the users. For example, for a coverage area 
encompassing New York City and Surrounding areas, a value 
of P(k) when k represents the number of the offset Zone 
servicing Manhattan in far greater than the value of P(k) 
when k represents the number of the offset Zone covering a 
less populated area. 

Once the offset Zones and corresponding burst offsets 
have been determined, and the carrier groups have been 
established in accordance with the above processing, the 
network 100 can service calls to and from the access 
terminals. When a call is being made by an access terminal 
or to an access terminal, the TCS in the appropriate gateway 
Station (in this example, gateway station 112) performs the 
following processes to Set up the call. 
ASSuming that access terminal 134 is initiating the call, 

the propagation delay t for access terminal 134 is deter 
mined in a manner de Scribed above as related to the location 
of the access terminal within a Spot beam coverage area 
(e.g., spot beam coverage area 164) as measured by the 
gateway Station 112. The kth carrier group is considered to 
be the preferred carrier group for this call if the following 
condition can be met: 

With the variables t(k) and t(k) representing the 
propagation delay boundaries for the kth offset Zone, and A 
(in milliseconds) representing the overlap between two 
adjacent offset Zones measured in terms of round trip dif 
ferential delay, as discussed above. 

Once the preferred carrier group for this access terminal 
134 has been determined, the burst offset AT(k) which is 
calculated for that carrier group is assigned as the 
transmission/reception burst offset for that terminal. The 
processing then Searches for a pair of free channels to assign 
to the access terminal 134 for Signal burst transmission and 
reception. That is, as described above, the access terminal 
134 uses one channel of a transmission carrier to transmit 
Signal bursts to Satellite 102, and uses one channel of a 
reception carrier to receive signal bursts from the Satellite 
102. 

If a pair of free channels is found on carriers assigned to 
the preferred carrier group, these channels are assigned to 
the acceSS terminal 134 and communication between the 
network 100 and access terminal 134 is established on these 
channels. However, if a pair of free channels is not available 
in the preferred carrier group, the processing performed by 
the TCS in gateway station 112 will search the entire carrier 
resource pool available to the Spot beam for a pair of 
available channels. If a pair of free channels are then located 
on a pair of carriers assigned to another carrier group, the 
processing determines whether the access terminal 134 can 
use this channel based on the following equations: 

where 
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with the operation floor taking the next lowest integer of the 
result (e.g., floor 4.9 equals 4). If the above equations are 
satisfied, the offset provided by the channel pair will enable 
the Signal bursts to reach the Satellite and access terminals at 
the appropriate times while also avoiding collision with 
other Signal bursts being transmitted and received by any 
other access terminal. If So, then the processing causes 
gateway Station 112 to assign this channel pair to the access 
terminal 134. However, if the transmission and reception 
timing would not be appropriate, or if Signal burst collision 
would occur, then the processing keeps Searching for 
another available pair of channels to assign to the access 
terminal 134 until a suitable channel pair is located. 
AS discussed above, by Segregating a spot beam coverage 

area 164 into a suitable number of offset Zones, and by 
grouping the available carriers accordingly in the manner 
described above, the network 100 is capable of efficiently 
distributing burst offsets in the TDMA frames being trans 
mitted and received to and from the access terminals and 
satellite 102. FIG. 6, for example, illustrates the relationship 
between signal burst 166, 168 and 170 being transmitted 
from Satellite 102 over carrier S-TX to three access terminals 
within a single offset Zone defined in the above manner, and 
the relationship between signal bursts 172, 174 and 176 
being transmitted from those three access terminals over 
carrier S-RX back to the satellite 102. As indicated, the signal 
bursts are transmitted from each of the access terminals in 
accordance with the same transmission/reception offset (i.e., 
offset-n). Accordingly, no unused timeslots are present 
between any of the signal bursts 172, 174 and 176. 
As shown more particularly in FIG. 7, signal bursts are 

transmitted and received over any carrier pair in a carrier 
group assigned to a respective offset Zone in accordance with 
the transmission/reception burst offset designated for that 
offset Zone. As indicated, signal bursts 178, 180 and 182 are 
transmitted from Satellite 102 over carrier S-Tx1 to three 

access terminals within Zone 1, and signal bursts 184, 186 
and 188 are transmitted over carrier S-RX1 from these three 
access terminals to the satellite 102 in accordance with the 
same transmission/reception burst offset Offset-1. Similarly, 
signal bursts 190, 192 and 194 are 30 transmitted from 
satellite 102 over carrier S-Tx2 to three access terminals 

within Zone 2, and signal bursts 196, 198 and 200 are 
transmitted over carrier S-RX2 from these three access 
terminals to the satellite 102 in accordance with the same 
transmission/reception burst offset Offset-2. The timing of 
transmission and reception of Signal bursts to and from 
access terminals in all offset Zones up to Zone n is performed 
in accordance with the transmission/reception offset desig 
nated for each Specific Zone. Accordingly, no unused 
timeslots are present between any of the Signal bursts 
distributed in any of the TDMA timeframes TDMA-RX-1 
through TDMA-RX-n in which signal bursts are transmitted 
to the satellite 102. Hence, the occurrence of call blocking 
is minimized or essentially eliminated. 
The benefit of performing Zone allocation and carrier 

grouping as described above can be more readily appreci 
ated from the graphs shown in FIGS. 8 and 9, which 
illustrate the estimated probability of call blocking that may 
occur for different traffic resource pools of carriers when the 
above Zone allocation and carrier grouping is and is not 
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performed. In these examples, the frame duration is esti 
mated as T-40 ms, timeslot duration is estimated as T=1.67 
ms, and each frame includes 24 timeslots. Each Signal burst 
occupies 6 contiguous timeslots, So the number of traffic 
channels contained in each carrier is 4. Each acceSS terminal 
is assumed to have a half-diplexer where the guard time 
required between Tx and Rx bursts is T=1.5T-2.5 ms. The 
Spot beam has an angle of 0.7 degree Seen from the Satellite. 
With 15 degree beam elevation angle, 5.3 degree satellite 
inclination angle and 50% beam coverage extension (due to 
beam pointing error and mobile terminal beam Selection 
error), the round trip differential delay across the beam is 
around 25.0 ms. Adjacent offset Zones are assumed to be 
overlapped by one timeslot (A=1.67 ms). Therefore, in 
accordance with the above equations, this spot beam cov 
erage area is Segregated into three offset Zones. Hence, the 
traffic resource pool of carriers is divided into 3 carrier 
groupS. 

The graph shown in FIG. 8 illustrates the estimated 
probability of call blocking when the spot beam has a 
resource pool of 9 carrier pairs and traffic loading is simu 
lated from 15 to 35 Erlang. The graph shown in FIG. 9 
illustrates the estimated probability of call blocking when 
the Spot beam has a resource pool of 60 carrier pairs and 
traffic loading is simulated from 200 to 240 Erlang. In each 
example, it is clear that the use of Zone allocation and carrier 
grouping in accordance with the present invention signifi 
cantly reduces call blocking probability in the whole range 
of the Simulated traffic loading. It is also clear that leSS call 
blocking occurs for Spot beams having larger traffic resource 
pools. The Zone allocation and carrier grouping process is 
especially effective for Spot beams with large beam Size and 
low beam elevation angle, Since delay Spread within those 
beams is generally very large. In addition, the proceSS is 
especially effective for a GEO satellite constellation, since it 
is easier for Such a System to implement a fixed Satellite 
burst. 

Although only a few exemplary embodiments of this 
invention have been described in detail above, those skilled 
in the art will readily appreciate that many modifications are 
possible in the exemplary embodiments without materially 
departing from the novel teachings and advantages of this 
invention. Accordingly, all Such modifications are intended 
to be included within the scope of this invention as defined 
in the following claims. 
What is claimed is: 
1. An apparatus, for use in a Satellite-based communica 

tions network, for grouping a plurality of carriers of a carrier 
resource pool assigned to a spot beam generated by a 
Satellite in Said network, and over which Signal bursts are 
transmitted between Said Satellite and at least one user 
terminal located in a coverage area of Said spot beam, Said 
apparatus comprising: 

a Spot beam Segregator which Segregates Said coverage 
area into at least one offset Zone based on respective 
propagation time periods required for Signals to travel 
between Said Satellite and respective different locations 
in Said coverage area; and 

a carrier grouper which groups said carriers into an 
amount of carrier groups corresponding to an amount 
of Said at least one offset Zone, and assigns each of Said 
carrier groups to Service a respective one of Said at least 
one offset Zone. 

2. An apparatus as claimed in claim 1, wherein: 
Said Spot beam Segregator Segregates Said coverage area 

into a plurality of offset Zones, and 
Said carrier grouper groups said carriers into a plurality of 

carrier groups corresponding to Said plurality of offset 
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Zones, and assigns each of Said carrier groups to a 
respective one of Said offset Zones. 

3. An apparatus as claimed in claim 1, wherein: 
Said Spot beam Segregator Segregates Said coverage area 

into a plurality of offset Zones, Such that each said offset 
Zone includes a portion of at least one adjacent offset 
ZOC. 

4. An apparatus as claimed in claim 1, wherein: 
Said Spot beam Segregator Segregates Said coverage area 

into an amount of offset Zones equal to a positive 
integer greater than one, Such that one of Said offset 
Zones includes a mid-delay point of Said coverage area, 
and the other of Said offset Zones are equally distributed 
on opposite sides of Said one of Said offset Zones, Said 
mid-delay point representing a location in Said cover 
age area at which an amount of propagation time 
required for a Signal to travel between Said mid-delay 
point and Said Satellite has a value midway between a 
maximum value representing a maximum amount of 
propagation time required for a signal to travel between 
a first location in Said coverage area and Said Satellite 
and a minimum value representing a minimum amount 
of propagation time required for a signal to travel 
between a Second location in Said coverage area and 
Said Satellite. 

5. An apparatus as claimed in claim 1, wherein: 
Said Spot beam Segregator Segregates Said coverage area 

into a Single offset Zone; and 
Said carrier grouper groupS Said carriers into a single 

carrier group and assigns Said carrier group to Said 
Single offset Zone. 

6. An apparatus as claimed in claim 1, wherein: 
Said Spot beam Segregator Segregates Said coverage area 

based on at least one of a maximum propagation time 
required for a signal to travel between Said Satellite and 
a first location in Said coverage area and a minimum 
propagation time required for a signal to travel between 
Said Satellite and a Second location in Said coverage 
C. 

7. An apparatus as claimed in claim 1, further comprising: 
a burst offset assignor which assigns a respective burst 

offset to each respective Said offset Zone, each Said 
respective burst offset representing a period of time 
required between a Start of transmission of a Signal 
burst by Said Satellite to a user terminal over a carrier 
in Said carrier group assigned to Said respective offset 
Zone and a start of reception by Said Satellite of a Signal 
burst transmitted by Said user terminal over another 
carrier in Said carrier group. 

8. An apparatus as claimed in claim 1, wherein: 
Said carrier grouper groups a respective amount of Said 

carriers into each of Said respective carrier groups 
based on respective values assigned to Said offset Zone, 
each of Said values representing an amount of user 
terminals adapted for use in Said respective offset Zone. 

9. An apparatus, for use in a Satellite-based communica 
tions network, for Setting timings at which Signal bursts are 
transmitted between a Satellite in Said network and at least 
one user terminal in a coverage area of a spot beam 
generated by Said Satellite, Said apparatus comprising: 

a Spot beam Segregator which Segregates Said coverage 
area into at least one offset Zone based on respective 
propagation time periods required for Signals to travel 
between Said Satellite and respective different locations 
in Said coverage area; and 

a burst offset assignor which assigns a respective burst 
offset to each respective Said offset Zone, each Said 
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respective burst offset representing a period of time 
required between a Start of transmission of a Signal 
burst by Said Satellite to a user terminal located in Said 
respective offset Zone and a Start of reception by Said 
Satellite of a signal burst transmitted by Said user 
terminal in Said respective offset Zone. 

10. An apparatus as claimed in claim 9, wherein: 
Said Spot beam Segregator Segregates Said coverage area 

into a plurality of offset Zones. 
11. An apparatus as claimed in claim 10, wherein: 
each Said offset Zone includes a portion of at least one 

adjacent offset Zone. 
12. An apparatus as claimed in claim 9, wherein: 
Said Spot beam Segregator Segregates Said coverage area 

into an amount of offset Zones equal to a positive 
integer greater than one, Such that one of Said offset 
Zones includes a mid-delay point of Said coverage area, 
and the other of Said offset Zones are equally distributed 
on opposite sides of Said one of Said offset Zones, Said 
mid-delay point representing a location in Said cover 
age area at which an amount of propagation time 
required for a Signal to travel between Said mid-delay 
point and Said Satellite has a value midway between a 
maximum value representing a maximum amount of 
propagation time required for a signal to travel between 
a first location in Said coverage area and Said Satellite 
and a minimum value representing a minimum amount 
of propagation time required for a signal to travel 
between a Second location in Said coverage area and 
Said Satellite. 

13. An apparatus as claimed in claim 9, wherein: 
Said Spot beam Segregator Segregates Said coverage area 

into a Single offset Zone. 
14. An apparatus as claimed in claim 9, wherein: 
Said Spot beam Segregator Segregates Said coverage area 

based on at least one of a maximum propagation time 
required for a signal to travel between Said Satellite and 
a first location in Said coverage area and a minimum 
propagation time required for a signal to travel between 
Said Satellite and a Second location in Said coverage 
aca. 

15. A method for grouping a plurality of carriers of a 
carrier resource pool assigned to a spot beam generated by 
a Satellite in a Satellite-based communications network, and 
over which Signal bursts are transmitted between said Sat 
ellite and at least one user terminal located in a coverage 
area of Said spot beam, Said method comprising the Steps of: 

Segregating Said coverage area into at least one offset Zone 
based on respective propagation time periods required 
for Signals to travel between Said Satellite and respec 
tive different locations in Said coverage area; 

grouping Said carriers into an amount of carrier groups 
corresponding to an amount of Said at least one offset 
Zone; and 

assigning each of Said carrier groups to Service a respec 
tive one of Said at least one offset Zone. 

16. A method as claimed in claim 15, wherein: 
Said Segregating Step Segregates Said coverage area into a 

plurality of offset Zones, 
Said grouping Step groups Said carriers into a plurality of 

carrier groups corresponding to Said plurality of offset 
Zones, and 

Said assigning Step assigns each of Said carrier groups to 
a respective one of Said offset Zones. 
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17. A method as claimed in claim 15, wherein: 
Said Segregating Step Segregates Said coverage area into a 

plurality of offset Zones, Such that each said offset Zone 
includes a portion of at least one adjacent offset Zone. 

18. A method as claimed in claim 15, wherein: 
Said Segregating Step Segregates Said coverage area into an 

amount of offset Zones equal to a positive integer 
greater than one, Such that one of Said offset Zones 
includes a mid-delay point of Said coverage area, and 
the other of Said offset Zones are equally distributed on 
opposite Sides of Said one of Said offset Zones, Said 
mid-delay point representing a location in Said cover 
age area at which an amount of propagation time 
required for a Signal to travel between Said mid-delay 
point and Said Satellite has a value midway between a 
maximum value representing a maximum amount of 
propagation time required for a signal to travel between 
a first location in Said coverage area and Said Satellite 
and a minimum value representing a minimum amount 
of propagation time required for a signal to travel 
between a Second location in Said coverage area and 
Said Satellite. 

19. A method as claimed in claim 15, wherein: 
Said Segregating Step Segregates Said coverage area into a 

Single offset Zone; 
Said grouping Step groups Said carriers into a Single carrier 

group; and 
Said assigning Step assigns said carrier group to Said 

Single offset Zone. 
20. A method as claimed in claim 15, wherein: 
Said Segregating Step Segregates Said coverage area based 
on at least one of a maximum propagation time 
required for a signal to travel between Said Satellite and 
a first location in Said coverage area and a minimum 
propagation time required for a signal to travel between 
Said Satellite and a Second location in Said coverage 
C. 

21. A method as claimed in claim 15, further comprising 
a step of: 

assigning a respective burst offset to each respective Said 
offset Zone, each Said respective burst offset represent 
ing a period of time required between a start of trans 
mission of a signal burst by Said Satellite to a user 
terminal over a carrier in Said carrier group assigned to 
Said respective offset Zone and a start of reception by 
Said Satellite of a signal burst transmitted by Said user 
terminal over another carrier in Said carrier group. 

22. A method as claimed in claim 15, wherein: 
Said grouping Step groups a respective amount of Said 

carriers into each of Said respective carrier groups 
based on respective values assigned to Said offset Zone, 
each of Said values representing an amount of user 
terminals adapted for use in Said respective offset Zone. 

23. A method for Setting timings at which Signal bursts are 
transmitted between a Satellite in a Satellite-based commu 
nications network and at least one user terminal in a cov 
erage area of a spot beam generated by Said Satellite, Said 
method comprising the Steps of 

Segregating Said coverage area into at least one offset Zone 
based on respective propagation time periods required 
for Signals to travel between Said Satellite and respec 
tive different locations in Said coverage area; and 

assigning a respective burst offset to each respective Said 
offset Zone, each Said respective burst offset represent 
ing a period of time required between a start of trans 
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mission of a signal burst by Said Satellite to a user 
terminal located in Said respective offset Zone and a 
Start of reception by Said Satellite of a Signal burst 
transmitted by Said user terminal in Said respective 
offset Zone. 

24. A method as claimed in claim 23, wherein: 
Said Segregating Step Segregates Said coverage area into a 

plurality of offset Zones. 
25. A method as claimed in claim 24, wherein: 
each Said offset Zone includes a portion of at least one 

adjacent offset Zone. 
26. A method as claimed in claim 23, wherein: 
Said Segregating Step Segregates Said coverage area into an 

amount of offset Zones equal to a positive integer 
greater than one, Such that one of Said offset Zones 
includes a mid-delay point of Said coverage area, and 
the other of Said offset Zones are equally distributed on 
opposite Sides of Said one of Said offset Zones, Said 
mid-delay point representing a location in Said cover 
age area at which an amount of propagation time 
required for a Signal to travel between Said mid-delay 
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point and Said Satellite has a value midway between a 
maximum value representing a maximum amount of 
propagation time required for a signal to travel between 
a first location in Said coverage area and Said Satellite 
and a minimum value representing a minimum amount 
of propagation time required for a signal to travel 
between a Second location in Said coverage area and 
Said Satellite. 

27. A method as claimed in claim 23, wherein: 
Said Segregating Step Segregates Said coverage area into a 

Single offset Zone. 
28. A method as claimed in claim 23, wherein: 
Said Segregating Step Segregates Said coverage area based 

on at least one of a maximum propagation time 
required for a signal to travel between Said Satellite and 
a first location in Said coverage area and a minimum 
propagation time required for a signal to travel between 
Said Satellite and a Second location in Said coverage 
C. 


